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SUMMARY 

A n  investigation of t he  first-order,  IxP, vibratory-stress char- 
ac te r i s t ics  of a three-blade supersonic-type  propeller of 12-foot diam- 
eter  operating  in an asymmetric air flow has been -de bn the  NACA 
6,000-horsepower propeller dynamometer i n   t h e  Langley &foot  transonic 
tunnel. The investigation covered a.blade-angle range from 19.70 
t o  46.3', a rotational-speed  range frm 1,300 t o  2,100 rpm, and a for- 
ward Mach number range from 0.20 t o  0.94. 

. 

. The results indicate   that   the  measured radial location of the  =xi- 
mum first-order  vibratory stress and the  measured apparent f irst-order 
resonant  frequency agree w e l l  with  calculations. 

Analytical  considerat'ion of the maximum first -order  resonant stress, 
t o  evaluate the allowable fl ight  conditions  far a hypothetical  airplane , 
indicates  that maneuvering load  factors as large a6 5 may be negotiated 
at sea level and as large as 3 at 20, OO-foot a l t i tude  without  exceeding 
a bending stress of *3O,OOO lb/sq  in.  (for flight Mach  number of 0.9) .  

INTRODUCTION 

Propeller  blades  designed t o  operate at high-subsonic and low- 
supersonic  forward  speeds must of necessity have th in   a i r fo i l   sec t ions  

'extending w e l l  inboard In order t o  obtain optimum aerodynamic efficiency. 
The use of t h in  a i r f o i l  sections, however, may r e su l t   i n  a f lexible  blade 

revolution  excitation, lxP, such as that caused  by thrust-axis inclina- 
t ion,  is present and the fundamental  bending  frequency falls within  the 

.. structure  with a low fundamental  bending  frequency. If a once-per- 
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operating  range, a re.sonant condition w i g  occur.  Since the  magnitude 
of the vibratory stress at resonance is dependent in large measure on 
the propeller-blade aerodynamic damping,. about which l i t t l e  is known, 
c r i t i c a l l y  high  stresses even at-snaaU angles of inclination may result. 

Consequently, a full-scale-supersonic-ty-pe propeller of 12-foot diam- 
e te r ,   the  Aeroproduct s A ~ ~ S F N - ~ ~ I A  three-blade propeller,   for which the  
predicted fundamental-bending  frequency f e l l  within  the  operating  range 
has been investigated  in  the.  Langley l6-foot  transonic  tunnel  in  order  to - 
determine t h e  first-order  resonant  frequency as well as the  magnitude of 
the  vibratory  stresses encountered at resonance. The propeller was oper- 
ated under a once-per-revolution  excitat-ion  over a blade-angle  range a t  
t he  0.75-radius s ta t ion  from 19.70 t o  46.3O, a rotational-speed range 
from 1,300 t o  2,100 rpm, and a forward Mach.  number range frm 0.20 
t o  0.94. 

SYMBOLS 

A 

A e  

b 

C/CC 

D 

h 

M 

M.F. 

N 

n 

9 

9e 

angle of thrust axis with  respect t o  airstream  (inflow 
angle) , de@; 

effective airstream w e  (apparent inflow angle), deg 

blade  width  (chord), ft 

thrust   coefficient,  2% 
r a t i o  of damping t o   c r i t i c a l  damping (see ref. 7) 

propeller  dfaneter, ft 

blade-section maximum thickness, ft 

Mach  number  of advance 

vibrat  ory-stres B magnification  fact  or 

propeller  rotational speed, rpm 

propeller  rotational speed, rps 

free-stream dynamic pressure, 9 V  , lb/sq ft 1 2  

free-stream aynamic pressure  for  conditions  associated 
w i t h  & 

R 

L 
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- R  propeller  t ip  radius,  f t  

L r radius t o  blade  element, ft 

T thrus t ,  l b  

V velocity of advance, f t /sec 

X f ract ion of propel ler   t ip   radius ,  r / R  

B blade  angle, deg 

P mass density of air, slugs/cu f t  

G vibratory  stress,   lb/sq i n  

cun undamped fundamental natural bending  frequency, cpn 

The Langley 16-~0at Transonic  Tunnel 

The investigation w a s  conducted i n  the  Iangley 16-foot transonic 
m tunnel which has a slotted test section. Reference 1 gives  the Mach  num- 

ber  distributions  in  the test section  as fomd by the  tunnel   cal ibrat ion 
with  the NACA 6,000-horsepower propeller dynamometer Fnstalled with no 
propeller. . 

The NACA 6,000-Horsepower Propeller Dynamometer 

The two units  of t he  NACA 6,000-horsepower propeller dynammeter 
were coupled i n  tandem with  the  propeller mounted on the forward end as  
shown in   f igure  1. For se t t ing   th rus t  and torque of the  propeller,  pres- 
sure gages that convert the pneumatic pressures of the   th rus t  and torque 
capsules to  direct   readings were used. A cmplete  description of t he  
dynamameter is given i n  reference 2. A cylindrical  bpdy of the  same 
diameter as the dynamometer case  extended forward from the  propeller t o  
the  downstream end of the  tunnel-entrance cone, and was supported by 
three  s t ruts   located  radial ly  around the body and w e i l  forward of the  
propeller. There was no spinner  available  for  the  propeller so the  
cylindrical  body and the dynamometer case were abrupt ly   tapered  to   the 
propeller hub. A sketch of the dynamometer and cyl indrical  body  mounted - in   the  tunnel   tes t   sect ion is shown i n  f igure 2. 

i 
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Test  Propeller. ... . - . 
A three-blade  propeller, 12 feet in  diamet-er,  having the  Aeroproducts 

designation A39SFN-1- was used for  the  investigation. The propeller 
was dekigned t o  operate  at- a rotational speed 0€-2,100 rpm and a forward 
Mach  number of 0.95 at a 40,000-f oot a l t i tude  which represeats an advance 
r a t i o  of 2.2. The blades  (separately  designated as Aeroproducts 
AglA1-144-0) were made of sol id  SA3 4130 ste.eS and had symmetrical MACA 
16-series  airfoil   sections.  The blades  tapered from a chord of X) inches 
a t   t he  0.21-radius s t a t i o n   t o  14 inches at t h e   t i p ,  and the  thickness 
ra t io   var ied frm 0.09 at the 0.21-radius s t a t i o n   t o  0.02 at the t i p .  
The bladef o m  curves and developed plan form are sham i n  figure 3 .  The 
propeller hub was of a three-way, controllable-pitch  type,  but  for  these 
t e s t s  was used as a fixed-pitch,  ground-adjustable hub. 

Reference Propeller 

For determining the  effective airstream angularity,  the NACA 
lo-( 3 )  (08)-03 three-blade  propeller was used.  Cmplete details of this 
p r g e l l e r  axe given i n  reference 3 and the manner in which the  propeller 
was used i s  given i n   t h e  appendix of the  present  paper. 

Wake -Survey Rakes 

The wake-survey rake s t r u t s  were of circular-arc  cross  section 
# 

having a chord of 2 feet and a thickness  ratio of 0.08. The leading 
edge of 'each  rake st  m i . .  w a s  located 44 inches  behind the plane of the 
propeller and the  pressure  orifices were located 2 fee t  ahead of the 
leading edge of the strut, T h e . r w  configuration used showing rake 
angular  locations i s  shown .in  f igure 4, &nd a view of the-  rakes may be 
seen in   f igure  1. 

. 
..  " 

Instrumentation 

Propeller-blade  vibratory  stresses were measured by using  phenolic- 
bonded-type wire s t r a in  gages mounted a t   t he  0.50 chord on the upper sur- 
face of the gaged blade. Gages were mounted t o  read  both  vibratory 
bending and vibratory  torsional  stresses. The gage locations are shown 
i n  figure 5 on a project-ed  blade  plan form: Electr ical  output from the 
s t r a in  gages was transmitted  through a slipring  device and amplifiers t o  
a recording  oscillograph and m s  recorded on phot-ogrtaphic paper. A pro- 
portionali ty  factor of s t ress  t o  photographic trace  deflection was 
obtained at the  beginning and end of each run, thereby making the con- 
versfon of the  Vibratory  record t o   s t r e s s  a simple process. 

. 
V 
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Propeller  investigations in the Langley 16-foot  transonic  tunnel 
pr ior  t o  the  present  investigation  revealed  the  presence of a once-per- 
revolution lxP excitation  although  the  propeller  thrust  axis w a s  alined 
with the  tunnel  center  line  (see  ref. 1). It was found that the  magnitude 
of the  excitation  varied  with  survey-rake  angular  position. Consequently, 
the nature of t he  excitation could not be determined by a comglete survey 
behind the  propeller  disk. 

Three possible asymmetric flow conditions that could  cause the pro- 
pe l le r  t o  react   as  though it were subject t o  thrust-axis  inclination, all 
of which  were probably  present t o  sane extent,  are as follows: 

(1) Misalinement of the a i r s t rean  w i t h  the  tunnel  center  l ine.  

(2) Local  airstream  anguJarities 

(3) L O C ~  airstream velocity  variations 

The effective airstream angle may then be defined-as an equivalent  pro- 
peller  thrust-axis  inclination angle that would give  the same resultant 
IM? vibratory aerodynamic loads and vibratory blade s t resses  as those 
caused by the asymmetric flow. 

Til t ing  the  propel ler   thrust   axis  t o  obtain a hown inflow was not 
attempted  as it was expected tha t  any change i n  the dynammeter configu- 
ra t ion would have affected  the  excitation by an undetermined amount, 
thus invalidating  the result s . 

The method used for  obtaining  the  effective  airstream  angle m s  t o  
measure the U P  s t r e s s  on an operating  prcrpsller i n  the  dynamometer and 
wind-tunnel configuration of t h i s  investigation and t o  re la te   these 
s t resses  t o  s t resses  which had been obtained on the  same propeller when 
operated under known i n f l o w  conditions. 

TESICS 

Tests were conducted at  blade  angles of 19.70, 29.3O, 39.1°, 
and 46.3' measured a t  the O.'j'5-radius s ta t ion.  All blade-angle t e s t s  
were conducted  over  a propeller  rotational-speed range  from 1,300 
t o  2,100 r p m  except f o r  the two higher  blade-angle runs which  were limited 
by excessive dynamometer vibration and blade vibratory  stresses.  A t  each 
blade angle and rotat ional  speed, the  tunnel Mach  number was set t o  give 
approximately  zero  propeller  thrust w h i c h  f o r  the complete investigation 
represented an overall  Mach  number range from 0.20 t o  0 .9 .  - 



.I 

Tests t o  determine the effective  airstream  angularity by using  the 
MACA 10-(3) ( 0 8 )  -03 three-blade  propeller  included a. rotational-speed 
range from l-300. t o  2,000 rpm. The blade angles tested were 200, 30°, 
4C0, 50°, and 5 5 O  measured at the  0.75-radius  station. The tunnel Mach 
number was set  t o  give  approximately  zero  propeller tJnwst at each test 
point, which gave an overall .Mach  number range from 0.21 t o  0.90 f o r  the  
complete investigations. 

" 

.- ." 
" 

.= 
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REDucllION OF DATA 

Tunnel Velocity 

The tunnel velocity  in  the  plane of the  propeller was obtained from 
the  tunnel calibration made for  the  investigation of reference 1, with 
the dynamometer installed with no propeller. 

Vibratory  Stress 

The W excitation was of an extremely erratic  nature and showed a 
variation of amplitude w i t h  time. For some stress  records, the varia- 
t i o n   i n  amplitude was of the order of 45 .percent of the  maximum ampli- 
tude. . Figure 6 shows a typical  oscillograph  record in which a variation 
of about X) percent in the  magdtude  opthe  vibratory stress with time 
is  shown. The vibratory stress w&s read a t  a point on each record where 
the maximum stress  remained constant for several cycles. Although the 
stress appeared t o  be predominately My each  record was analyzed by means 
of a 12-point  Fourier series t-o determine the IAP component, which i s  pre- 
sented  as  the IsP vibratory  stress. 

Because of the  large variation  in  vibratory stress with  time,  the 
possibi l i ty   exis ts   that   the  maximm stress for  m y  given test point may 
not have been recorded; however, the  analyzed. data when presented as a 
function of propeller  rotational speed generally show less   than a 10 per- 
cent  scatter from a faired curve. 

Effectlve  Airstream Angle 

The method fo r  reducing the  data t o  obtain  the  effective  airstrem 
angle .is given in the  appendix. Because of the  variation of t he  IxP exci- 

' tat ion,  as w e l l  as the  other assumptions made i n  determining the  effect ive 
airstream angle, it is consfdered t o  be accurate- only  wlthin 0.50°. 

. 
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RESUECS AND DISCUSSION 
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The representative  first-order IxP vibratory bending stresses are 
presented in  figures 7 and 8. No I 3  vibratory stresses i n  the  torsional 
mode  of vibration were noted on the stress records. 

Figure 7 shows the  radial distribution of the  lxP vibratory bending 
stresses for   the  top  rotat ional  speed  reached at each propeller blade 
angle. The maximum-bending-stress location w a s  at or  very  close t o  the 
x = 0.243 strain-gage  location which w a s  i n  the transition  region where 
the  blade WBS rapidly becoming thicker toward the  root, as seen i n  fig- 
ure 3.  The location of the maximum bending stress was in  good agreement 
with the calculations of reference 4 in which the bending  mments when 
expressed as stresses w e r e  found t o  indicate the same maximum stress 
location. 

Figure 8 presents the variation of the IXP vibratory bending stress, 
measured at the maximum stress location of x = 0.243, w i t h  propeller 
rotational speed f o r  the various  blade  angles  investigated.  Figure 9, 
which shows the variation of forward Mach number and dynamic pressure 
w i t h  propeller  rotational speed f o r  &ll test conditions, i s  presented 60 

. that additional  calculations may be made if  so desired. The effective 
airstream angles that are considered t o  be applicable to the propeller 
are shown i n  figure 10 as  a function of dynamic pressure f o r  the  various 
rotat ional  speeds. 

For  each blade angle shown i n  figure 8, the IxP bending stress 
increased with rotat ional  speed for  the  following  reasons: 

(1) The effective airstream angle & increased w i t h  rotational 
speed and caused the excitation parameter &Q t o  became larger. The 

vibratory stress has been shown t o  increase w i t h  Aq i n  reference 3 .  

(2) The dynamic pressure @ also  increased because the tunnel 
airspeed was increased  along with rotational speed i n  order t o  keep the 
thrust near  zero,  thus making the excitation  factor greater. 

(3) The approach t o  blade resonance caused a greater magnification 
of the  lxP stresses.  

The lxP s t ress  did not  increase as  did Aes,  fo r   the  two lowest 
blade anglekof figure 8, the  increase  in stress being less than would 
be expected from an inspection of the A e S  values. This  result  was 
attr ibuted t o  the  inaccuracies i n   s t r e s s  determination that prevailed 
fo r  small values of vibratory stress. 



The rapid  increase  in  slope of the vibratory-bending-stress  curve 
beyond 1,800 rpm f o r  the PO. PR = 46.3O curve of figure 8 was typical  
of a one-degree-of-freedom response  curve  of.low damping near  resonance. 
Although phase angles between the applied  loads and the result ing stresses 
could not be determined, the phase angles between the stresses and an 
arbitrary  propeller angular location were obtained. Large scatter was 
noted fo r  the three lowest-  blade-angle tests. b.ut the-phase  angles 
appeared e s sen t i a l ly   t o  be constant w i t h  rotational speed. However, for  
the = 4 6 . 3 O  test ,  an  increase i n  phase  angle of about wo -8 

noted  over the rotational-speed  range,  Yurther  indicating tha t  resonance 
w a s  imminent. Therefore, it was assumed that the highest propeller 
rotational speed  reached, 2,025 rpm, was a t  IkP resonance or  sl ightly 
below a resonant  condition.  Positive  identification of resonance  could 
not be made as the  total vibratory stress had reached the limit of safe 
operation  for this investigation.  Figure 11 gives the comparison of t h e  
measured apparent  resonant  point with resonanttconditions  calculated in  
references 4 and 5. The agreement of the measured point w i t h  the calcu- 
la ted curve of reference 5 ,  which ut i l ized  the Rayleigh-Ritz method 
involving four independent  coordinates, was very good. In reference 4, 
the  propeller of this investigation was designated A3gSl?N-l23 and i n  
reference 5 it was designated A. F. blade. 

" 

- 
Since the  propeller appeared t o  be operating  at--or  very  near  reso- 

nance at a blade angle of BO. ER = 4 6 . 3 O  and 'a rotational speed of 
2,025 rpm, it is  seen from the magnification  factor  equation, wbich is 
given in   t he  appendix, that the magnification of the lxP vibratory stress 
depended only on the damping in   t he  system. It has been shown in   re fe r -  
ence 3 that the IxF' stress increased  linearly with Aq for  a given  rota- 
t iona l  speea. However, i f  the  propeller wae operating at IxP resonance 
at a constant  blade  angle, the lrcp stress would be linear with Aq only 
if the damping  of the  system  remained a constant. An example of the  effect  
of aerodynamic damping  on the lxP stress is  indicated  in  f igure 12. The 
relation of air density and propeller  resultant  velocity to damping force 
as presented i n  reference 6 was applied to the  magnification  factor  for the  
apparent  resonant s t ress  of figure 8. The variation of IxF' s t ress  with 
a l t i tude (or density) was obtained  for Aes,  = 1,490 at the same ,blade 
angle, rotational speed, and forward Mach  number as the apparent  resonant 
point. Qhe Aeq, value of 1,490 was determined from figure 9 and an 
extrapolation of the--2,000-rpm curve of figure 10. The family of curves 
of constant A q  was based on the linear  relationship of lxP stress w i t h  
Aq. The trend of the lxF' stress with  alt i tude  for a given Aq indicates 
that-  operation at sea leve l  results in   t he  lawest vibratory  stresses,  For 
example, if the  propeller  operating  conditions which gave the data point- 
of figure I 2  were altered only by operation at sea  level  instead of at the 
density  alt i tude of 13,300 ft, the IXP s t ress  w o u l d  be reduced  by  about 
35 percent. The increase in damping was due t-o  the  increase  in air den- 
s i t y  at the lower alt i tude.  Curves of constant thrust-axis inclination 

5 
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angle have also - a t  a  decreasing 
been included  (see  fig. 12) which correspond t o  operation 

A q  Qith increase in  a l t i tude .  

By keeping Mach  number a constant  in t he  analysis of t he  IxP s t r e s s  
changes with al t i tude  there  would be a  decrease i n  the  forward velocity 
with increasing  altitude which would resu l t   in  an  increased  loading on 
the  propeller.  Since no resonant s t r e s s  measurements were made at 
positive  propeller  loadings, the lxP s t r e s s   a t  zero  thrust  has been 
assumed t o  apply f o r  the  a l t i tude range wbich corresponds t o  rather wide 
changes in  thrust  loading. Such an  assumption might make the  s t resses  at 
the  higher altitudes  unconservative  since the data of reference 3 ,  which 
were obtained on a much  more r ig id   p rope l le r ,   ind ia ted  that fo r   t he  same 
Aq an  increase of thrust  from zero t o  thrust a t  peak efficiency caused 
a  21percent  increase  in  stress.  However, although the curves of f ig-  
ure 12 do not show an actual  operating regime f o r  the propeller,  the 
effect  of aerodynamic damping is nevertheless demonstrated. Direct com- 
parison of the measured apparent  resonant s t r e s s  w i t h  s t ress   ad jus ted   to  
sea-level  operation is valid  since the forward veloci t ies  and,  hence, 
propeller  thrust  coefficient were the same f o r  both  conditions. 

The operating f ieLd represented by f igme 12 with inflow  angles to  
3' and a l t i tudes  to 20,000 feet '   indicates   the maximum I& st resses  that 
would be anticipated  for  the  propeller of this investigation  installed 
on an airplane f lsring a t  M = 0.94. having  a wing loading of 60 IbIsq ft , 
a t  20,000 feet .  The analysis was made by  assuming that   the   propel ler  
thrust axis was alined with the airplane  axis and that any upwash t o   t h e  

angle t o  the  propeller  plane. However, higher airplane  a t t i tudes may be 
obtained by t i l t ing   the   th rus t   ax is  downward. For  operation-off  resonance, 
the  re la t ively  large L-9 stresses  shown in   f igure  12 w o u l d  not  be  expected 
f o r  the given Aq values; hence, higher  values of Aq would be  accept- 
able  for  airplane  operation.  For example, take-off where a lower  blade- 
angle  setting would be used  corresponds to an of f-resonant  condition. 

- and maneuvering a t  normal load factors   as  high as  5 at sea  level  and 3 

wing o r  fuselage was suff ic ient ly  small t o  cause no effect  on the inflow 

CONCLUDING REMARIS 

From the present  investigation and from analytical   application of 
the  data t o  a  hypothetical  airplane,  the  following remarks can be made 
concerning the  first-order  vibratory  characterist ics of a ful l -scale  
supersonic-type  three-blade  propeller. 

The measured radial   locat ion of the maximum first-order  vibratory . s t ress  and the measured apparent  first-order  resonant  frequency  agree 
well w i t h  calculations. - 
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Analytical  consideration of the maximum measured first-order  reso- 
nant stress, t o  evaluate the allowable flight conditions f o r  a hypotheti- 
cal  airplane,   indicates  ' that  maneuvering load factors  as large as 5 may 
be negotiated at sea 1evel"and as large as 3 at 20,000-f oot  a l t i tude  
without  exceeding a bending s t ress  of *30,000 lb/sq  in.  ( f o r  a f l i gh t  
Mach  number  of 0.9) .  

Langley Aeronautical  Laboratory, 
National  Advisory  Cormittee f o r  Aeronautics, 

Langley Field, Va., February 9, 1954. 
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A METHOD FOR DETERMINING THF, EEFECTIVE 

The method used for  obtaining the effective  airstream angle was t o  
measure the  lxF st resses  on an  operating  propeller i n  the  dynammter and 
wind-tunnel configuration of this  investigation and t o  relate these 
s t resses   to   s t resses  which had been obtained on the same propeller when 
operated under known inflow  conditions. The NACA 10-(3) (&)-03 three- 
blade  propeller had been investigated under known inflow conditions and 
the results were presented in  reference 3. Figure l 3  shows analyzed 
IxP s t ress   da ta   a t  approximately  zero thrus t   tha t  were published i n  
reference 3 as unanalyzed data, and the   l i nea r i ty  of the  s t ress   with Aq 
may be noted.  Separate  curves had been obtained f o r  the  different  rota- 
t i o n a l  speeds which, as was explained in  reference 3 ,  w e r e  accounted f o r  
by differences  in aerodynamic excitation as w e l l  as  propeller-blade 
dynamic effects .  If the same propeller was operated a t   t h e  same condi- 
t ion  but a t  an unknown exci ta t ion as i n  the present  case, a IkP s t r e s s  
for   the same radial   locat ion w a s  obtained at a hown dynamic pressure. 
The lxP s t r e s s  value a t   t h e  unknown excitation from the present tests was 
used t o  obtain Aq  from figure 13 and the  effective  airstream  angle w&s 
determined as  follows: 

Tests   a t  blade angles  other  than f3 O.nR = 300 were necessary in 
order t o  cwer   t he  Mach  number range of the  present  investigation. The 
Ld? stresses  obtained at blade  angles  other  than j30.n~ = 30° could  not 
be used directly  with figure lJ t o  obtain  the  effective  airstream  angles 
because of the  var ia t ion  in  stress magnification  factors caused  by the  
change i n  fundamental natural  bending  frequency of the  rotating  blade with 
blade  angle. The -hagnification  factors f o r  the  stresses  obtained at each 
blade angle and rotat ional  speed  were, theref  ore,   f irst   calculated by 
means  of the one-degree-of-freedam ecpation of reference 7 i n  which a 
slightly  different  notation is used. 

M.F. = 1 



The fundamental natural bending frequency of the rotating.  blade % was 
then  obtained from figure 14 which has been calculated  by the Propeller c 

Laboratory of Wright A i r  Development Center by using the method  of refer- 
ence 5. The r a t i o  of damping t o   c r i t i c a l  damping c/cc has been deter- 
mined in  reference 8 for a propeller similar t o   t h e  MACA 10-(3)(08)-03 
and w a s  found t o  be approximately 0.03. Since the calibration  propeller 
w a s  not  operated i n  the  immedi-ate vicini ty  of resomace, small changes 
i n  damping  would have a negligible  effect on the magnif-ication factors.  
In order t o  determine  values of Ae from figure 13 at blade angles other 
than 30°, the  W stresses measured at these angles w e r e  normalizedto 
correspond t o   t h e  30° condition by taking  the  difference of mplificat-ion 
factors   into account. 

" 

" . 

. .  
. .  

The results of the calibration tests are  shown i n  figure 10 which 
gives t h e  variation of A, with dynamic pressure  for all operating cqn- 
dit ions of the  calibration  propeller, and the  faired curves are considered 
t o  be representative of the  effective  airstream angles affecting  the 
839SFN-16IA propeller when operating at- the same rotational speeds. In  
determining A, and considering i t s  app l i cab i l i t y   t o   t he  A39SFN-16IA pro- 
pel ler ,  two assumptions have been made. - First, t he  difference  in  the 
diameters of the two propellers would have a negligible  effect on the 
asymmetric flow conditions  causing the  1- excitation. No evaluation of 
this effect  could be made but it was assumed t o  be small. Second, i n  
considering the cal ibrat ion  propel ler   for  blade angles  other  than 

= 30°, it w a s  assumed that t'he effects  of resultant  blade-section 
Mach numbers on the  vibratory  forcing  function were accounted for   solely 
by re lat ing  the data t o  the previously  obtained data of.- reference 3 at 0 

the same rotational speeds. The latter effect  has been investigated 
insofar as possible and the  only method  of evaluation  available w a s  by 
camparison of wake-survey distributions. Radical-changes i n  the  wake- 
survey distributions due t o  section Mach  number increases were noted for 
two conditions. The conditions which were 2,000 rp at p 
and 1,600 rpm at p0.73~ = 55' have not been included in  the fa i r ing  of 
the  data of figure 10. 

.. 

01 

0 . m R  = 500 

For  values of s, less than 400 lb / sq - f t ,  there was an increase in  
A, with propeller  ratational speed fo r -  constant blade angle as shown by 
data polnts of figure 10. The increase gf & with rotational speed 
could  not be a t t r i b u t e d   t o  any effects of blade resonance as A, f o r  the 

= 30° conditions w a s  obtained by directly  using  previously 
reported data of reference -3  far the same rotational speeds. .It is 
believed that  propeller operation changed -the blockage and, hence, the 
lkP excitation, as it w a s  indicated that a pa r t i a l  stream  blockage 
occurred w i t h  the wake-survey rakes i n  the  positions shown i n  figure 4 
as determinzd from the  wind-tunnel calibrations  discussed  in  reference 1. 



, 

Figure 10 shows that the  effect ive airstream angles were small f o r  
all conditions,  varying  from  about l.Oo at a rotat ional  speed of 1,350 rpm 
t o  about 2 . 6 O  at 2,000 rpm. There w a s  l i t t l e  effect of increasing  the 
dynamic pressure  except at 2,000 rpm where the  extrapolated  curve shows 
a decrease of about 0.5' over the  range of dynamic pressure. 
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plgure 2.- Side view of ayaamOmeter and cylindxlcal body installed in 
t e s t  section of Langley' 16-foot transonic tunnel. 
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Figure 3.- Aeroproducts AgW-144-0 propeller  blade-form  characteristics. 
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Sta. 127 

Looking  downstream 

Figure 4. - Sectional view of tunnel showing dynamometer and s u r v e y  rakes 
mounted in t e s t  section. 
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Flgure 5.- Blade plan-form o f  Aeropmducts AgW-l&-O propeZler showing 
skaln-gage Irocatione . 
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Figure 7.- Radial distribution of b@ vibratory bending stresses. 
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Rotatlonol speed, N ,rpm 

Mgure 8.- Variation of hP vibratory s-keee, measured at x = 0.243 r&ue 
station, with r o t a t l o n s l  speed. 
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Figure 9. - Change in forward Mach nuuiber and dynamic pressure with blade 
angle for  rotational-speed range investigated. - 
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Figure 10.- EFfective &stream angles , A, determined f rOm Ixp vibrakly- 
stress data obtained on NACA lO-(3)(08)-03 three-blade propeller. 

, I 

.. . . . 



goo0 I t I I I I 
Calculated in reference 5 
Measured 
Calculated in reference 4 I 

Blade angle at the 0.75-radius  station,  degrees 

Figure ll.- Comparison of calculated lxP resonant  frequencies  with measured - apparent  resonant  frequency for Aeroproducts A39SFN-16l.A propeller. 
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Figure 12.- Variation of apparent resgnant Ixp vibratory  stress with 
altitude  for  various  thrust-axis  inclination angles at M = O.&, 
N = 2,025 rpm, CT - 0, P,J3R = 46.3O. 
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Figure 13.- Variation of IA? vibratory  stress, measured a t  x = 0.43 radius 
station, with Aq fo r  NACA lO-(3)(08)-03 propeller  operating  at 0 
and. = 30°. Data obtained during investigation  reported i n  
reference 3. 
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Figure 14. - Variation of. fundamental natural bending  frequency with rota- 
tional epeed of NACA 10-(3) (081-03 three-bLade propeller as calculated 
by the  Propeller Laboratory of t he  Wright A i r  Development Center. 
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